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Abstract 
The paper approaches the applicability of operational research techniques in transportation of iron ore from multi 
location mines to single destination beneficiation plant. The mining industry facing environment problems related 
to transportation are not being adequately addressed by existing research programs. The paper focuses on air quality 
impacts due to iron ore transportation from mines to destination plant. Also discusses on selection of suitable mode 
of system for existing site condition and their environmental loads around the periphery of site and along the 
material conveying path. The research work illustrates the importance of implementation of transportation impact 
assessment for proposed projects to get clearance from authorities. In this paper, the transportation routes from the 
consented mines to the destination plant were optimized with the constraints of less pollution and cost effective by 
the use of optimization software. 
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1. Introduction 
Our country enriched with non-renewable mineral wealth. The growth of a nation relies heavily 
on mineral production. Unfortunately, mining projects invariably causes disturbances to the 
environment. The most significant environmental damages due to iron ore mining are the deterioration 
of biodiversity and air quality. The magnitude and significance of the impacts on biodiversity and air 
quality depend on size and scale of mining activities. In order to protect the environment, there is a 
greater need for adopting better operational practices and cleaner technologies in the iron ore industry. 
Every year there is a problem for transportation of iron ore in the mineral rich state, Odisha. About 
80% of industrial activity in Odisha is based on minerals. Mineral transportation   in the state covers 
three (Dhamara, Gopalpur and Paradip) ports, 27 railway sidings and more than 50 thousand trucks 
engaged in transportation of ore per year. In 2011, the government decided to control the transport of 
minerals through road. The proposal of the government is to limit transportation by road in order to 
ensure smooth operation of transportation of minerals to the user industries, ports without traffic 
congestion, to prevent smuggling of mineral resources and to check rising pollution levels, especially in 
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the iron ore rich areas, Keonjhar district. The state government recently constituted a sub-committee 
comprising of mining, railway and transport authorities to study environment and transportation impact 
assessment1, 2.The government is now working on a master plan for transportation of minerals to limit 
traffic congestion and environmental impacts. It was observed that the state government is ready to 
initiate innovative techniques/technologies to optimize the existing transportation systems. It was 
decided to select Keonjhar district (mineral rich region) as the appropriate place to study detailed 
feasibility of transportation systems and optimization techniques applicability for transportation of 
minerals from multi-location mines to the destination plant with less pollution load and cost effective. 
2. Case study 
The beneficiation plant is located between latitude 21q47’00” and 21q51’00” N and longitude 
85q24’00” and 85q25’00” E in the Dabuna region, Keonjhar district, Odisha.The annual requirement of 
iron ore for the plant is 11 million tone per annum from nearby mines. Table1 shows the details of mines 
and consented quantity of iron ore for beneficiation to the plant. The area of the plant is well served with 
major roads and level of railway facilities, already transportation of iron ore carried out for small plants 
in Keonjhar region. The implementation of proposed transportation activities of the plant may increase 
the impacts to the environment around the Dabuna region which necessitate to the study of transportation 
impact assessment for the plant and also approving authorities require such studies to provide 
environmental clearance for the proposed project. 
2.1. Study of transportation system 
The detailed feasibility study is conducted for the technical analysis of different modes of 
transportation along with feasibility of multi-mode alternatives for possible distribution of raw 
material. The study is carried out with considering various modes of transport, suggesting the suitable 
mode of transport, optimization of the routes with the constraint of minimization of pollution load and 
its impact on ambient air quality. The key parameters that influence for the selection of the workable 
option of the proposed plant includes environmental impact, capital and operational costs, availability 
of resources, distance of travel, maintainability, terrain conditions, reliability and safety of the  option 
under consideration. The predominant modes of transportation of bulk material adopted universally 
by the steel industry are (i) ropeway, (ii) conveyor, (iii) railway and (iv) roadway. 
2.2. Selection of transportation systems 
The land of proposed beneficiation plant in Keonjhar district is covered with undulating terrain 
and the area is covered with high quality of iron ore belt. Geographically, the consented nineteen mines 
scattered in the radius of approximately 25 km of the beneficiation plant. Under this site condition, in 
order to establish the hypothesis of either the ropeway or the conveyor system as mode of 
transportation from the sourcing mines, it is essential to acquire the huge area of land. The fact is that 
the proposed land category is non-transferable and acquisition of such land needs several regulatory 
clearances. With these reasons, the use of ropeways and conveyors as a mode of transportation was 
not feasible for the present condition. The main drawback in usage of railway connectivity for 
conveying iron ore from mines are: only two loading sidings (Banspani and Jaroli) were available 
along the route upto Nayagarh station, multiple handling, single line capacity limitation, delays due to 
manual loading and mines are not facilitated with dedicated sidings. The railways distance limitations 
for rake allotment is also applicable for the present case. However, the transportation study has been 
taken up considering more liberal stand that in future the railway sidings in Keonjhar region will cater 
to the need of inward traffic of iron ore. For intensive mining activities around the study area, there 
are several internal roads developed over the years connecting various mines to the nearby major roads 
and the area of Dabuna plant is well served by National Highway (NH) 215 and Keonjhar Indus trial 
Development Corporation (KIDCO) road primarily. These two major roads also connect to four 
railway sidings within the area as a part of the railway corridors. The traffic density for the roadway 
was analyzed for the list of mines and found that although the maximum traffic load is estimated at 
full capacity of all mines, it has been observed over last 5 years that the actual capacity through mining 
operation is between 70 to 80% of the estimated maximum capacity. The reference volume of traffic 
considered is 8050 PCUs during peak hour traffic, as per IRC standard3. It is observed that even on 
the peak traffic load due to the proposed plant which will add 826 PCUs to the existing traffic load of 
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3482 PCUs which is well within the design limit of 8050 PCUs. Therefore, the loads on the road 
segments are also within the design specifications of IRC. From the transportation study, among the 
major mode of transport systems the roadways and rail-road combination were considered as the most 
suitable means of transportation system for iron ore movement from multi-location mines to the plant. 
The estimation of existing and proposed air quality impacts in terms of emission and cost of 
transportation were analyzed under the option analysis for “road” and “rail-road” combination. 
 
Table1.Details of mines consented to supply iron ore to the beneficiation plant 
 
 
 
S.No 
 
 
Mines 
 
Quantity (MTPA) 
Min Max 
1 Essel Kasia 1 1.5 
2 Essel Jhilling 1 1.5 
3 KJSA  0.3 0.6 
4 KMC 0.13 0.24 
5 DR Patnaik (Murgabeda) 0.1 0.15 
6 Geetarani Mohanty (Raikela) 0.4 0.75 
7 SN Mohanty (Jaldhihi) 0.2 0.4 
8 Rungta 2.5 5 
9 Banspani Iron ltd 0.3 0.6 
10 TP Sao 0.5 1 
11 RP Sao 0.5 1 
12 S Pradhan 0.1 0.2 
13 SC Padhi (Banspani) 0.3 0.6 
14 SC Padhi (Gurubeda) 0.3 0.6 
15 Yashdani (Seerajuddin) 1.5 3 
16 Mesco 1 2 
17 Patnaik Minerals 0.5 1 
18 National Enterprises 0.3 0.6 
19 KC Pradhan 0.12 0.24 
(MTPA–million tonne per annum) 
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Fig. 1.Map showing the location of beneficiation plant and mines with road networks 
3. Modeling parameters 
The transportation problem of beneficiation plant is formulated in linear programming model using 
LINGO software. The software tool is featured to efficiently build and solve linear, nonlinear and integer 
optimization models with a completely integrated package that includes a powerful language for 
expressing optimization models, an environment for building and editing problems and a set of fast built-
in solvers4. For model generation, input data can be extracted directly from databases and spreadsheets 
and also output solution can save in database or spreadsheet which make easier to generate reports in the 
application of user choice. The optimization model consists of three primary sections: (a) Objective 
function–minimize the emission level/cost of transportation (road and rail- road combination); (b) 
Variables – the parameters which influence the optimal value of the objective function are number of 
trucks/wagons, number of mines, maximum and minimum quantities of iron ore required per hour, 
number of routes;(c) Constraints – define the limits on the values of the variables: demand of 
beneficiation plant≥1527.6 tonnes per hour, distance to be travelled, number of trucks/wagons required 
for transportation of iron ore per hour, capacity of trucks and wagons, freight charges of road and rail. 
These are the basic parameters to form the optimization models for transportation problems of the 
Dabuna beneficiation plant. 
3.1. Model formulation 
The following empirical equation (1) was developed for the optimization of the emission rate from 
transportation routes to the plant for road and rail-road combination. 
Objective: 
ܯ݅݊݅݉݅ݖ݁ܧݔ ൌ ܨ σ ܦ௜ݔ ௝ܰଵଵ௜ǡ௝ୀଽ                  (1) 
Subject to  
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i,j 
 ∑TcxNi≥1527.6; 
 Di≥0 for all i; 
 Ni≥0 for all j; 
Where 
E = Emission rate (grams per hour) 
F= Emission factor (road-1.385gm/km;rail0.02gm/km) 
Di= Distance to be travelled (km) 
Nj= No. of vehicles to be used (no. of trucks (wagons)/hr) 
Tc= Capacity of vehicle (tons) 
The emission factor (F) for diesel powered heavy duty trucks is 1.385gm/km (emission rate for 
fully loaded 
Vehicle is 0.808gm/km and empty truck emits 30% less pollutant than fully loaded).The emission 
factor (F) for diesel powered freight train is 0.015gm/km (emission rate for diesel locomotive is 
1.30gm/l and1litre fuel consumption of train, 86 km distance can be covered)5,6. 
Cost of transportation is directly attributed to the distance traversed. The following empirical 
equation (2) was developed to optimize the cost of transportation of materials to the plant through 
different routes by road and rail- road combination. 
Objective: 
ܯ݅݊݅݉݅ݖ݁ܼܴݔ ൌ ௖ܶݔ σ ܦ௜ݔ ௝ܰଵଵ௜ǡ௝ୀଽ        (2) 
Subject to 
∑TcxNi≥1527.6; 
Di≥0 for all i; 
Nj≥0 for all j; 
Where 
Z= Cost of Transportation (INR per 
hour)  
R= Freight charges (Rs/tonfor1 km) 
Di= Distance to be travelled (km) 
Nj= No. of vehicles to be used (no. of trucks (wagons)/hr) 
Tc= Capacity of vehicle (tons) 
The cost of transportation was calculated with considering the rail freight of Rs.150/- per tone 
(for iron ore- Class180) and road freight of Rs.30/- for1 km per tonne for iron ore transportation 
includes handling charges7. 
3.2. Option analysis 
The analysis was carried out to assess the two suitable modes of transport, road and rail-road 
combination (Fig. 2(a) & (b). The models consist of four options, two for each mode of transportation 
(for minimum emission routes and minimum cost). From the optimization model of emission load and 
transportation cost, it was observed that under all conditions only 124 number of trucks (12.4tons 
capacity) per hour will travel from eight selected mines on the optimized routes to meet the requirement 
of Dabuna plant. 
Option1: 
In this option, the objective is to determine the optimum routes with least emission level by 
roadways. Minimum emission rate is 1793.58 gm per hour for eight selected mines (L2, L3, L7, L8, 
L9, L13, L15 and L17) routes with 
124 number of trucks to be travelled. Using equation (1), the emission rate of optimized route is 
calculated as follows. 
E = 1.385 x ¦19 1D ix Nj 
E = 1793.58 gm per hour (iron ore transportation) 
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i,j 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Model No.1                                                                                                           Model No.2 
(a)                                     
(b)  
Fig. 2(a) & (b).Optimization model of road and rail-road combination 
Option 2: 
 In this option, the roadway model is optimized for minimum cost of transportation of iron ore 
to meet the demand of Dabuna plant (1527.6tons/hr). Cost of transportation is Rs. 4,81,740 (per 
hour transportation of iron ore) with 12.4 tonnes capacity of truck and Rs.30 per tonne for 1km. 
Using equation(2), the cost of transportation for optimized routes is calculated as follows. 
 
Z= 30 x 12.4 x ¦19 1Di  x Nj 
Z= 481740 INR per hour (transportation of iron ore) 
 
Option 3: 
In this option, the objective of model is to determine the optimum routes with least emission 
level by rail and road. Minimum emission rate is 1439.72 gm per hour for transportation of iron ore 
from eight selected mines (L2, L4, L8, L9, L13, L14, L15 and L17) routes with 124 numbers of 
trucks and 12 wagons. Using equation (1), the emission rate of optimized route is calculated as 
follows. 
E = [{1.385x¦19  DixNj} + { 0.02x ¦19 DixNj}] 
i,j=1 
E = 1439.72 gm per hour (iron ore transportation) 
 
The iron ore handling and transfer is considered to determine the emission in railway sidings. 
The emission rate in rail-road combination would increase to 50399.72gm/hr due to iron ore 
unloading in railway sidings, handling in stockyard, loading to wagons and transferring to the plant. 
The emission rate of rail-road combination with Consideration of materials handling and transfer is 
E (handling) = 60gm/ton. The total quantity of materials handled in the railway sidings at Banspani, 
Jaroli and Nayagarh is 816 tonnes and calculated as follows. 
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i,j 
ET (handling) = 48960gm 
 
E = E (transportation) + ET (handling) = 1439.72+ 48960=50399.72gm/hr 
 
Option4: 
 
In this option, the rail-road model is used to optimize for minimum cost of transportation of iron 
ore to meet the demand of Dabuna plant (1527.6tons/hr). Cost of transportation is Rs.20,18,136 (per 
hour transportation of iron ore) included handling charges with 12.4 tonnes capacity of truck, 68 
tonnes capacity of wagon and freight charges of rail and road. Using equation (2), the cost of 
transportation for optimized route is calculated as follows. 
 
Z= [{30x12.4x¦19 1Di x Nj} + {150x68x ∑(10x4+15x8)}]                             
Z=[{386136}+ {1632000}] 
Z= 2018136 INR per hour (transportation of iron ore) 
 
In the rail-road combination option, transportation of iron ore for Dabuna plant from mines to 
railway sidings by road; from respective railway sidings to Nayagarh siding by EC railways and then 
from Nayagarh railway siding to Dabuna beneficiation plant by road. In this operation, the highest 
impact observed in the segment of Nayagarh- Kalimati-Dabuna due to the fact that all the sourcing for 
Nayagarh siding access the KIDCO road through internal weathered metallic mines road. The air 
quality impact level on this segment is not due to the usage of railway transportation but mainly due 
to loading and unloading of iron ore at siding (manual operation) as well as transporting the ore to the 
siding using trucks. In turn, it also increases the cost of transportation and time delays. 
3.3. Observations 
Table2. Summary of observations of optimization models 
Model 
No. 
Model Options Objective Function Constraints Selected mines Objective 
function 
value 
1 
 
Mines to 
DBP by 
roadways 
Minimize Emission rate 
(E) 
Supply of mines, demand 
of 
DBP 
L2,L3,L7,L8,L9,L13, 
L15,andL17 
E= 1793.58gm/hr 
Minimize       Cost       of 
transportation(Z) 
Supply of mines, demand 
of 
DBP, Freight charges 
L2,L3,L7,L8,L9,L13, 
L15,andL17 
Z= 4,81,740  (INR 
per 
hour) 
2 
 
 
Mines to DBP 
by rail- road 
combination 
Minimize Emission rate 
(E) 
Supply of mines, demand 
of 
DBP 
L2,L4,L8,L9,L13, 
L14,L15,and L17 
E= 1439.72gm/hr 
 
Minimize Cost of 
transportation(Z) 
Supply of mines, demand 
of 
DBP, Freight charges 
(rail and road) 
 
L2,L4,L8,L9,L13, 
L14,L15,and L17 
Z=20,18,136(INR 
per hour) 
 
From the option analysis, it is observed that number of trucks required for the transportation of iron 
ore from the selected mines is same for both the option and only distance to transport the material would 
differ. The highest traffic and pollution impacts were observed in close proximity of the Dabuna plant. 
The rail option can be considered only in future if railway infrastructure in the study area is developed. 
It can be said that the roadways is more effective for the present site condition where the mines are 
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scattered in locations with reference to the Dabuna beneficiation plant. Considering cost of 
transportation, environmental aspects and time delays, the roadways would be more suitable means of 
transportation of iron ore to operate the Dabuna plant immediately. The optimization model is used to 
compare four alternative transportation scenarios with road and rail-road combination in identifying 
transport network with minimum air quality impact and cost effective. The observation from the 
optimization models are summarized inTable2. 
 
4. Recommendations 
As an immediate operation, the proposed plant shall arrange for transportation of their raw materials 
through roadways. In order to reduce the direct traffic load on the major road segments, the cluster of 
mines(4-5clusters) could use the internal mine road to access the KIDCO road under the condition of 
sprinkling water on the road at regular intervals for suppressing the fugitive emission due to movement 
of heavy vehicles, thereby reducing the distance of traverse further in its totality8. In future considering 
the impact on environment, the project proponent may liaise with appropriate authority in the railways 
and draw a long term plan for possessing their own railway siding also, doubling of railway line capacity 
between Nayagarh and Banspani. The proposed traffic conditions of beneficiation plant will have 
minimal impact with regular water sprinkling and also will improve the road condition more with least 
baseline concentration  and further reduce line source emission levels due to the freight transportation. 
5. Conclusions 
The present study forms avenue for new research in the area of application of optimization techniques 
for the mining related projects. Based on the detailed analysis, the research work concluded that the 
feasible option in terms of minimal impact on environment and cost effective is by road. The road 
infrastructure is available in good condition and its capacity is within IRC design specification for 
transportation of iron ore to Dabuna beneficiation plant. The practical significance of the developed 
model is that it is based on actual site studies and not on any theoretical assumptions. 
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